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Computed Tomography is currently being used for a variety of 
industrial nondestructive evaluation (NDE) applications. For most of 
these applications, the only method for interpreting the inspection 
results is to display them in an image format and visually evaluate the 
data. Implicit in this process are some intuitive assumptions regard-
ing the relationship between the output image and the inspection 
object. One such over-simplified model is that the pixel values repre-
sent the average density in the rectangular volume formed by the inter-
section of the pixel grid and the slice height. A more correct model 
would include the effects of the point response function, which shows 
that data from a point impulse are actually distributed over several 
pixels. 
For some applications, a visual inspection may be suff icient; 
however, CT provides more information than can be discerned visually. 
A knowledge of the response function can be useful in extracting this 
"hidden" information [1]. Proper interpretation of the output image 
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data requires an explicit understanding of the spatial characteristics 
of the CT system. 
The point response function provides a mathematical description 
of the relationship between the system input and output. The knowledge 
of this function provides a valuable tool for analyzing the CT output 
images. Because the response function is analytical, it can provide 
the basis for computerized inspection methods. These are not just 
image enhancement operations, but data interpretation algorithms that 
depend on the spatial characteristics of the CT system. 
The response function can also be used to characterize the systems 
spatial resolution, either in terms of a system specification or as an 
indicator of changes in system performance. It can also be used for 
system simulation and generation of artificial images. 
This paper presents a technique for measuring the horizontal point 
response function of an industrial CT system. 
RESPONSE FUNCTION 
The response function is the system output resulting from a single 
impulse input. For a CT system, such an input would be a very small 
volume of high density. In a linear system, the output image for any 
input can be calculated by convolving the input with the response func-
tion. This is a direct result of the application of the superposition 
principle [2]. 
Most systems can be approximated over a limited range by linear 
system. As a first order approximation, the CT system is assumed to be 
linear. Data from the measurement of the CT response function at dif-
ferent locations and under different X-ray flux conditions are used to 
assess the validity of the linearity assumption. 
The linear system approach to simulation uses a simple "black box" 
model. Other simulation methods model each of the components and 
effects such as: The X-ray source, absorption and scattering cross 
sections, detectors, and the reconstruction process [3]. These 
techniques have the disadvantage of being dependent on each of the 
component models; an erroneous assumption or incorrect parameter 
jeopardizes the entire simulation. The linear system approach is 
empirical and uses an end-to-end measurement to determine the system 
response. It is simpler to use and less prone to hidden errors than 
the component approach. 
RESPONSE FUNCTION MEASUREMENT USING TUNGSTEN PINS 
Figure 1 shows the CT test device. It is a circular arrangement 
of 91 high density pins made of tungsten wire. The pins simulate point 
impulses to the CT system. 
The measurements were made in a large fluid-filled container. The 
first test was performed with the container filled with water. The 
test was later repeated with a diluted dibromomethane solution. 
Measurements at two different densities allowed the nonlinear effects 
relating to changes in attenuation to be evaluated. 
Test devices were located at the center and near the perimeter of 
the container. This was done to evaluate the spatial dependencies and 
nonlinearities. 
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Fig. 1. CT response function test device. 
Test Device Description 
Figure 2 shows a CT scan of the test device. The circular 
arrangement was chosen so that no more than two pins would ever line up 
with the X-ray scan beam. The pins are located far enough apart to 
prevent mutual interference and to allow the response of each indivi-
dual pin to be observed. The pins are positioned along the circle such 
that they cover the domain of the input; that is, if the actual pin 
positions were relocated into a single pixel and were expressed in 
dimensions that were modulo the pixel size, the arrangement would be as 
shown in Figure 3. 
Figure 4 shows a close-up view of the pin data. From this image, 
the effect of the response function can be seen. Even though the pins 
are only one fourth the size of the pixel, their influence extends to 
adjacent pixels. The extent of this influence is a function of the CT 
system response function width. 
Point Response Data Processing 
The data from each pin are combined to form the point response 
function. The objective is to take data that are sampled at pixel 
intervals and produce a response curve that is very finely sampled. 
This is accomplished by shifting the pixel data grid so that the pin 
centers are aligned. Then, the data from the pins can be interlaced to 
generate a complete response curve, as shown in Figure 5. 
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Fig. 2. CT image of tungsten pin test device in a water bath • 
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Fig. 5. Individual pin data are shifted and combined to form 
finely sampled response curve. 
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The computation of the response consisted of the following steps: 
(1) The coordinates of the pixel containing each pin were visually 
determined from the image data and entered into a data file. These 
coordinates were used to extract a 7 x 7 grid around each pin. (2) An 
estimate of the pin location was obtained by debiasing the pixel values 
and calculating the centroid of the grid. (3) The pixel values were 
placed in bins according to their distance from the pin. The data in 
each bin were averaged. 
Adjustments to the data caused by the width of the pin were not 
necessary. The convolution of a pin with a gauss curve with a standard 
deviation of 3 pin diameters increases the standard deviation by less 
than 1%. 
Tungsten Pin Results 
The results of the test device measurements are shown in Figures 6 
and 7 for the water and dibromomethane tests. Table 1 summarizes the 
resulting response function widths. The data are made symmetric by 
reflecting them about zero. This was done to aid comparison with the 
gaussian distribution. The underlying shape of the response curve was 
obtained by smoothing the data with a low pass filter. Figure 8 shows 
the filtered data from a device located near the perimeter of the 
dibromomethane bath. 
The response function shape is basically gaussian. The response 
in the water at the edge and center of the bath were nearly identical. 
The response in the dibromomethane was significantly different at the 
edge than it was at the center. The amount of noise at the center 
device was also noticeably greater than at the edge. 
The increased noise and wider response function at the center is 
believed to be caused by the same effects. Rays used to resolve spa-
tial information at the center of the bath must all pass through the 
full diameter of the fluid. Objects located along the edge of the bath 
are scanned with many rays, which only pass tangentially through the 
fluid bath. The through-diameter rays are subjected to more attenua-
tion due to absorption and scattering and thus yield less precise 
spatial information. Also, the flux from the through-diameter rays is 
much less than from the tangent rays. This reduces the radiographic 
statistics at the X-ray detectors so that the flux measurements are 
less accurate. Both the increased scattering and the attenuated flux 
at the detectors contribute to greater noise and wider response at the 
center of the bath. 
These effects were not seen in the water bath tests because the 
attenuation by the water had a much smaller effect on the flux. The 
density difference between water and dibromomethane is amplified by the 
exponential nature of absorption of half-value layers. Even though the 
densities only differed by a factor of two, the X-ray flux at the 
detectors was different by more than a factor of ten. 
The widths referred to in Table 1 are "half max full width" 
values. The gaussian width is the width that would be obtained for a 
gauss curve with the stated standard deviation. The "observed" width 
was consistently less than the "gaussian" width. This is believed to 
be caused by a systematic error in the computation of the pin centers. 
Any unremoved background level in the image data causes the centroid 
calculation to be biased toward the center of the pixels. This affects 
the results by shifting values inside the pixel dimension toward the 
center, and the outside values are shifted outward. 
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Perimeter Center 
Fig. 6. Response function for the tungsten pin test device in 
a water bath located near the perimeter and center 
of the field of view. 
Perimeter Center 
Fig. 7. Response function for the tungsten pin test device 
in dibromomethane near the perimeter and center of 
the field of view. 
Table 1. Results of point response measurements from 
tungsten pins. (Values are expressed as 
multiples of the pixel dimension.) 
Width at Standard Gaussian 
Description Half Height Deviation Width* 
Water 
Edge 1.62 0.665 1.57 
Center 2.60 0.660 1.55 
Dibromomethane 
Edge 1.62 0.652 1.53 
Center 1.81 0.728 1.71 
*Based on a gauss curve with the specified standard deviation. 
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Fig. 8. Filtered response function for the tungsten pin test 
device in dibromomethane located at the perimeter 
of the field of view. 
CONCLUSIONS 
Point response measurements using the tungsten pins indicated tnat 
the point response function for the CT system was wider in the center 
than along the edges • The measurements in water and dibromomethane 
showed the presence of nonlinearities that were dependent on the radio-
graphic environment. 
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